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ABSTRACT 

We assembled a catalogue of bright, hot subdwarf and white dwarf stars extracted 
from a joint ultraviolet, optical, and infrared source list. The selection is secured using 
colour criteria that correlate well with effective temperatures T e g > 12, 000 K. We 
built a -ZVtjv — V versus V — J diagram for > 60, 000 bright sources using the Galaxy 
Evolution Explorer (GALEX) N\jy magnitude (Auv < 14), and the associated Guide 
Star Catalog (GSC2.3.2) photographic quick-V magnitude and the Two Micron All 
Sky Survey (2MASS) J and H magnitudes. This distillation process delivered a cat- 
alogue of w 700 sources with iVuv — V < 0.5 comprising ~ 160 known hot subdwarf 
stars and another ~ 60 known white dwarf stars. A reduced proper-motion diagram 
built using the proper-motion measurements extracted from the Naval Observatory 
Merged Astrometric Dataset allowed us to identify an additional ~ 120 new hot sub- 
dwarf candidates and ~ 10 hot white dwarf candidates. We present a spectroscopic 
study of a subset of 52 subdwarfs, 48 of them analysed here for the first time, and 
with nine objects brighter than V ~ 12. Our sample of spectroscopically confirmed hot 
subdwarfs comprises ten sdO stars and 42 sdB stars suitable for pulsation and binary 
studies. We also present a study of 50 known white dwarfs selected in the GALEX 
survey and six new white dwarfs from our catalogue of subluminous candidates. Ul- 
traviolet, optical, and infrared synthetic magnitudes employed in the selection and 
analysis of white dwarf stars are listed in appendix. 
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1 INTRODUCTION 

Surveys of blue- or ultraviolet (UV)-excess objects are a rich 
source of hot subluminous stars and are beneficial to the 
study of hot subd warf and white dwarf s tars. Following the 
pioneering work of iHumason fc Zwic k3 (|1947| ). colourimet- 
ric surveys, such as the no rthern and southern Ton antzintla 
survey (TON/TON-S, see llriarte fc Chavird Il957l) an d the 
Palomar-Haro-Luyten survey l|Haro fc Luvtenl |l962) pro- 
vided for many years the source lists for spectroscopic ob- 
servations an d analysis of faint blue stars at high-Galacti c 
latitude (e.g. jGreen stcin 1966: lGreenstein fc Sargenti! 19741 ). 



* Based on observations made with ESO telescopes at the La 
Silla Paranal Observatory under programmes 82.D-0750, 83. D- 
0540, and 085.D-0866. 

f E-mail: vennes@sunstel.asu.cas.cz (SV); kawka@sunstel.asu. 
cas.cz (AK); nemeth@sunstel.asu.cas.cz (PN) 
| Visiting Astronomer, Kitt Peak National Observatory, National 
Optical Astronomy Observatory, which is operated by the Asso- 
ciation of Universities for Research in Astronomy (AURA) under 
cooperative agreement with the National Science Foundation. 



observation and spectral clas- 
of subluminous stars (e.g. . 



The spectroscopic 
sification of sam p les 

Humason fc Zwickvl Il947t iFeigd Il958l: [Cowlevl Il958l : 
Slettebak. Bahner. fc Stock! Il96ll : iBerged Il963l ) helped 
Greenstein fc Sargenti (| 19741 ) define the extended (or ex- 
treme) horizontal branch (EHB) in the HR diagram. Their 
diagram comprising 189 faint blue stars shows a sequence 
of hot white dwarfs ranging from T e s ~ 14, 000 to 56,000 K 
and overlapping with a sequence of sdO stars in the higher 
range of temperatures and luminosit i es (log L/Lq > 0). 
The evolutionary tracks of iPaczvnskil ( 1971a, b) suggested 
for the first time that helium stars with masses in the range 
0.5 — 0.85 Mq and without hydrogen envelopes evolve 
from the EHB toward the white dwarf cooling sequence. 
However, based on E HB space density and birthrate 
estimates, iHeben 1 (|l986l ) concluded that the EHB channel 
contributes only a small percentage of objects on the white 
dwarf cooling sequence with the majority following the 
channel connecting planetary nebula nuclei to the white 
dwarfs (jDrilling fc Schoenbernerlll985l ). 

iGreenstein fc Sargenti (1 19741 ) also found that most EHB 
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stars have weak helium and weak heavy element lines, hence 
the label population II or "halo", and are classified as sdB 
stars in contrast with the helium-rich sdO stars. In addi- 
tion, the luminosity-to-mass ratio L/M, or its reciprocal gd 4 
(where 9 = 5040 K/T c a ), appeared approximately constant 
among these objects. Applying a model atmosphere analy- 
sis to their sample, Greenstein & Sargent extracted temper- 
ature (T e ff) and surface gravity (\ogg) measurements and, 
since L/M oc T c 4 ff /ff, they estimated L/M » 68 Lq/Mq, 
or L = 46I/Q for a representative mass of ~ 0.66 Mq. The 
amount of hydrogen present in the star was unknown al- 
though they surmised that the nearly constant luminosity- 
to-mass ratio implied a thin hydrogen envelope. 

The ground-based blue-excess surveys were soon fol- 
lowed by space-borne UV surveys. Th e TD-1 satellite 
conducted a systematic, all-sky survey (| Thompson et afl 
ll978l ; ICarnochan fc Wilsonll 19831 ) that included the Galactic 
plane. The survey was conducted in four bands, one pho- 
tometric band centred on 2700 A and three low-resolution 
spectroscopic bands cent red on 1565, 196 5 . and 2365 A. 
The original catalogue of iThompson et all (jl978l ) includes 
31215 entries with the catalo gue prefix "TD1", out of which 
ICarnochan fc Wilson! (|l983l ) listed 464 objects with UV 
colours of spectral types B4V or earlier. Among these ob- 
jects, 47 were labelled as subdwarfs ("sd"). The spectro- 
scopic identifications wer e secured optically. For example, 
iBerger fc Fringantl (|l980l ) listed 28 hot subluminous stars, 
thirteen of them new objects listed with the "UVO" cata- 
logue prefix. 

The sdB and sdO stars detected in the TD-1 have 
visual magnitudes ranging from 8 to 12 and are, to 
this day, the brightest stars of their class. For example, 
the brightest star in the sample is the sdO HD 49798 
l|jaschek fc Jaschek|[T963l ; lMereghetti et al.ll2009l ) with a UV 
flux at 2740 A of fx = 1.6 x 10" 11 erg cm -2 s _1 A -1 , 
or ?t!,ab(2300A) = 7.8 mag in the AB magnitude sys- 
terrQ]. The next two brigh t est evolved stars are HD 76431 
(Bcrg e"r~fc Fringantl Il980l : Ramspeck. Heber. fc Edelmannl 
120011 ) and BD+75 325 l|Gould. Herbig. fc Morganl Il957l ) 
with mAB(2300A) = 8.9 mag. Few hot white dwarfs 
like UVO2309+10 (=BPM 97895 GD 246; iLuvtenl 1 19631 ; 
iGiclas. Burnham. fc Thomas! fl 965) were originally listed 
bv lCarnochan fc Wilson] (|l983l ), but TD-1 UV photometry 
eventually led to discoveries such as the white dwarf com- 
pan ions to the F7 II star HR 3643 and th e F4 V star 56 Per- 
sei l|Landsman. Simon, fc Ber geron 1996). In summary, the 
TD-1 UV catalogue includes objects with ?71a:b(2300A) ^ 
11.5 mag, and, after early-type main-sequence stars, it is 
populated mostly with hot sdB and sdO stars. 

Further more, the Orbiting Astronomical Observatory- 
2 (OAO-2, ICode. Holm, fc Bottemillerl ll980T l delivered a 
catalogue of 531 pointed UV sources tha t contained few 
white dwarfs (e.g., Feige24, iHolml Il976h and « 20 hot 
subdwarfs. The Astronomical Netherlands Satellite (ANS) 
also produced a cata logue of 3573 pointed UV sources 
l|Wesselius et al.l 19821) listing ~ 10 hot white dwarfs, 
analysed by Wesselius fc Koesterl (|l978T ). and about three 
times as many hot subdwarfs. These experiments pre- 
selected bright subdwarfs with f\ > 10~ 13 and 4 x 10~ 14 



m AB = -2.5 log /„ -48.6. 



erg cm -2 s _1 A -1 corresponding to ?tiab(2300A) < 13.4 and 
<14.4, respectively. Although the OAO-2 and ANS reached 
fainter magnitudes, the all-sky coverage of the TD-1 survey 
allowed for the systematic identification of new subluminous 
stars. Ultraviolet flux measurements of subluminous stars 
are also listed in the Midcourse Spa ce Experiment (MSX) 
UV catalogue (|Newcomer et all [2001 ). 

Large catalogues of subluminous stars were first built 
based on extensive blue and U V-excess surveys such as the 
Palom ar-Green (PG) survey |Green. Schmidt, fc Liebert 
I l986h . the Kitt-Peak-Downes (KPD) s urvey (|Pown~ 
1986), the Edinburgh-Cape (EC) survey dKilkennv et al. 
Il997h. the Montreal-C ambridge- Tololo (MCT) survey 
llLamontagne et alj |2000| ). or the First Byurakan Survey 
fFBS. lMickaelianll200Sft These and similar catalogues pro- 
vided the basis for our current understanding of EHB and 
post-EHB stars, as well as post-asymptotic giant branch 
(AGB) stars. 

Detailed spectroscopic studies bas e d on the PG sur - 
vey (|Moehler. Heber. fc de Boerl Il990al ; ISaffer et al.l ll994T ) 
placed hot sdB stars in the T e g — log o diagram 
close to the evolution tracks of ICaloil | 19891 ) for core 
helium-burning stars with very thin hydrogen envelopes 
and masses near 0.5 Mq. Recent spectroscopic investiga- 
tions of the Hamburg -Schmidt (HS) subdwarf catalogue 
( Edclman n et alj 120031) using the e volutionary models of 
iDorman. Rood, fc O'Coimeiil i| 19931 ) confirmed the basic 
picture. High mass-loss rates are possibly responsible for 
thinning the hydrogen envelope and pre venting the star from 
climbing the asymptotic giant branch dD'Cruz et al.|[l996l) . 
Othe r formation scenarios examined by lHan et al.l (|2002l . 
2003) involve a common-envelope phase or an episode of 
Roche lobe overflow that may help remove the hydrogen 
envelope and direct the sta r towa rd the EHB as originally 
proposed by iMengel et alj (| 19761) . or involve the merge r 
of two helium white d warfs . Indee d. |Maxted et al.l ll200ll) . 
iMorales-Rueda et al.l (|2003h . and lEdelmann et al] (|2005l ) 
found that a significant fraction of these stars reside in spec- 
troscopic binary systems in support of the scenario for the 
formation of sdB stars through close binary evolution. 

The evolutionary paths leading to the formation of he- 
lium rich subdwarfs (sdO) are les s certain although the he- 
lium double-degenera te mergers dHan et al.ll2002l. l2003h or 



helium flash /m ixing l|Sweigart. Mengel. fc Demarquel 19741 ; 
ISweigartlll997al rbl) may account for the paucity of hydrogen. 
Analysis of helium-ri c h subdwarfs (sdO) from the PG survey 
jDreizler et all Il990l ; iTheill et al l Il994l ) sug gest that sdO 
stars evolved away from the EHB. Recently, IStroeer et al.l 
(2007) draws further distinction between helium-deficient 
sdO stars and helium-enriched sdO stars, with the for- 
mer linked to sdB stars and the latter possibly formed 
in the merger of helium white dwarfs, o r via helium mix- 
ing. Detailed abun dance studies (e.g., lLanz et alj |2004| ; 
lAhmad et all l2007h offers insights into the formation of 
helium-rich subdwarf stars involving helium mixi ng. Based 
on a population studv lztiang. Chen, fc Hani (|2009l ) conclude 
that many sdO stars evolve directly from sdB stars, and that 
only the more massive sdO stars (M > 0.5 Mq) axe the out- 
come of white dwarf mergers. 

The majority of whit e dwarfs are formed t h rough 
the post-A GB channels |Drilling fc Schoenbernerl 1 19851 ; 
lHebej[l986l ). Initial estimates of the death-rate of main- 
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sequence stars and of the birth-rate of white dwarf 
stars show broad agreement between the rates although 
they were still affected by co nsiderable uncertainties (see 
iDrilling fc Schoenbernerlll985t ). Post-AGB stars are powered 
by a hydrogen-burning shell in thermal equilibrium inter- 
spersed with ther mal pulses (helium-sh ell flash). The evo- 
lutionary tracks of ISchoenbernerl (| 1983h connect the AGB 
stars to the white dwarfs by invoking a phase of enhanced 
mass- loss (or super- wind) that occurs between pulses, i.e., 
during the hydrogen shell-burning phase. Higher mass-loss 
rates imply shorter evolutionary time-scales and, therefore, 
the assumed rates affect the growth of the carbon/oxygen 
core a nd determin e the final mass of the nascent white 
dwarf. IWeidemannl (|2000! ) comp ared available data to the 
results of model calculations (e.g.,|Vassiliadis & Woodl fl993l ) 
linking the initial main-sequence mass to the final white 
dwarf mass. Observations of white dwarfs in stellar systems 
wher e evolutionary time- scales are measurable, i.e., clusters 
(e.g., iKalirai et ail f2008) or evolved binaries, provide the 
data and constrain the initial-mass to final-mass problem 
(| Weidemannl l200"oT l . Properties of white dwarfs in spectro- 
scopic and colourimetric studies are parametrized by T e s 
and \ogg that are transformed into ages (i coo i) and masses 
(M/ Mp)), hence radii (R/Rg), using evoluti onary models 
(e.g.. IWoodlll995l ; iBenvenuto fc Althauslll999l V 



GALEX GR4+5 NUV < 14 NGP N=63691 




Figure 1. Distribution of the GALEX/GSC selection in Galactic 
coordinates. The selection of 63691 stars with GALEX N\jy < 14 
mag is restricted to Galactic latitudes \b\ > 10-20° and occupies 
an area of 25000 square degrees. 



Extensive colourimetric surveys such as the PG survey 
helped establish the character of the white dwarf pop ulation 
such as its local space density and form ation rate (jGreenl 
ll98d ; lLiebert. Bergeron, fc Holberg!l2005l ) while deeper sur- 
veys such as the Two-Degree Field (2dF) survey allowed to 
probe the spatial distribution of the wh ite dwarf populatio n 
and determine its Galactic scale-height (|Vennes et al.l l2002'). 
Deep and extensive colourimetr ic surveys such as the Sloan 
Digital Sky Survey (SDSS, e.g.. lEisenstein et al.ll2006h and, 
potentially, Galaxy Evolution Explorer ( GALEX) all-sky 
survey combined with kinem atical data (e.g.. lSalim fc Gould! 
l2003l ; lL"epine fc S hara 2005) should help retrace the Galactic 
history, i.e., birth rates and time scales, of the white dwarf 
population. 



We have initiated a program aimed at identifying the 
white dwarf population in the GALEX all-sky survey. As 
a first instalment, we present a new sample of bright sub- 
luminous stars based on GALEX and matched with opti- 
cal/infrared source catalogues (Section 2). The sample is 
parti cularly suitable for GA1A Calibration (So ubiran et al.l 
l200ct ) a nd adds material fo r surveys of pulsating, hot sub- 
dwarfs (|Billeres et al.ll2002l ; iGstensen et aT1l2010h . We de- 
scribe the source selection in Section 2.1, the spectroscopic 
follow-up in Section 2.2, and the model atmospheres em- 
ployed in the analysis in Section 2.3. Next, we present the 
bright (V < 12) catalogue in Section 3.1 and a model at- 
mosphere analysis of the new subdwarfs and white dwarfs 
in sections 3.2 and 3.3, respectively. We conclude in Sec- 
tion 4. Photometric ultraviolet, optical, and infrared abso- 
lute magnitudes, suitable for the study of hot white dwarfs 
in multiwavelength surveys, are listed in Appendix A. 



2 A GALEX/GSC SURVEY 
2.1 Source selection 

We obtained UV photometry from the Galaxy Evolution 
Explorer (GALEX) all-sky survey. GALEX provides pho- 
tometry in two bands, Fvv and iVuv. The F\jy bandpass 
is 1344 - 1786 A (defined at > 10% peak value) with an 
effective wavelength of 1539 A, and the JVuv bandpass is 
1771 — 2831 A with an effective wavelength of 2316 A (see 
iMorrissev et~ail2007T l. We searched the GALEX GR4+5 re- 
lease using the CasJobs batch query services with the fol- 
lowing criteria: 

AW 14, AW ^ 0, fW > 0, 

and we extracted the parameters ra, dec, nuvjmag, 
nuvjmagerr, fuvjmag, fuvjmagerr, fovjradius, and eJ>v. The 
right ascension and declination (ra, dec) supplied by GALEX 
are J2000. The Auv and Fuv magnitudes (nuvjmag, 
fuvjmag) and associated errors (nuvjmagerr, fuvjmagerr) are 
defined in the AB system. We opted for magnitudes calcu- 
lated using the SExtractor "mag_auto" with a variable el- 
liptical aperture rather than a fixed aperture. The distance 
of the source from the image (or tile) centre (focjradius) is 
measured in degrees, and each tile has a field of view of 
1.25° in the AW or 1.27° in the iW- Finally, the total 
ex tinction in the line-of-sight (ej)v) is based on the maps 
of ISchlegel. Finkbeiner. fc Davis! (1 19981 ). However, redden- 
ing corrections were not initially applied because we lack a 
priori knowledge of the distance and spectral type. 

A selection of bright stars with GALEX suffers poten- 
tial photometric inaccuracies. First, the imaging qual i ty de - 
grades toward the edge of the tile l|Morrissev et alj I2007T ) 
altering the point spread function (PSF). Next, the cor- 
rections for photometric nonlinearity are uncertain and de- 
pend on the aperture size. This effect, compounded with 
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Figure 2. Colour indices (JVtjv — V versus V — J) of 60379 stars 
from the joint GALEX/GSC survey. The locations of the main- 
sequence (full line) and white dwarf cooling sequence (dashed line, 
log g = 8) are shown. Contour lines (dotted lines) show the num- 
ber density of stars (per square magnitude) at 1%, 3%, 10%, and 
30% of the peak density. The corresponding white dwarf temper- 
ature scale is shown on the left, and the main sequence spectral 
types on the right. No corrections are applied for interstellar red- 
dening. 



the broadening of the PSF for off-centre sources, introduces 
a systematic offset between predicted and measured mag- 
nitudes. In practice, we applied the nonlinearity correction 
for a 3' aperture and labelled as potentially inaccurate the 
photometry of sources located more than 0.4° from the tile 
centre. The requirement that the Ftjv detection be included 
could also result in many bright objects being dropped from 
the list. A iVuv-only selection that may potentially triple 
the membership to the bright source list will be examined 
elsewhere. 

Entries with coordinates matching within 10 -3 degrees 
were merged and the search resulted in the selection of N = 
63691 individual sources. Figure[T]shows the source locations 
in Galactic coordinates. The GR4+5 release covers ~ 25000 
square degrees and excludes the Galactic plane. 

Next, we cross-correlated the sou rce list with the G uide 
Star Catalog version 2.3.2 (GSC2.3.2. [Lasker et alboOot ) us- 
ing VizieR at the Centre de Donnes astronomiques de Stras- 
bourg. The closest GSC entry found within a radius of 
10 arcseconds of the GALEX coordinates is thereby asso- 
ciated with the UV source. The joint GALEX/GSC survey 
comprises N = 60204 sources, or 96% of the total, in the 
3" sample and N = 62672 sources in the 10" sample. For 
each object we recorded both UV magnitudes (Fuv, -Aw) 
and we adopted the "quick- V" (Via) magnitude which is 
close to the Johnson V magnitude, V12 = V — 0.15 (B — V) 



l|Russell et al.lll990h . Following the same positional criteria 
we also obtained the infrared photometry from the T wo Mi- 
cron All Sky Survey (2MASS; Iskrutskie et ai]|2006h . which 
is available at VizieR on CDS. 

Figure [2] shows a N\jy — V versus V — J diagram of our 
GALEX/GSC selection. The data are compared to synthetic 
main-sequence and white dwarf colours. The procedure se- 
lects objects with temperatures above 12,000 K, or spectral 
types earlier than ~B8. 

Finally, we built a sample of N = 694 UV-excess ob- 
jects by restricting the index Auv — V < 0.5. The choice 
of the Auv — V index as a primary selection criterion is 
motivated by the need to mitigate the effect of binary com- 
panions on the selection of white dwarf stars. Although the 
2MASS J magnitude is generally more reliable than the GSC 
V12 magnitude it is potentially contaminated by a putative 
main-sequence companion to the target white dwarf star (see 
Section 3.3). 

We obtained proper-motion for each object from the 
Naval Observatory M erged Astrometric Dataset (NOMAD 
IZacharias et al.ll2004l ) accessed at VizieR. Then, we calcu- 
lated the reduced proper-motion index H: 

# = V r + 51og A t + 5 = M v + 5 log v T - 3.3791, 

where fi is the proper-motion in units of arcsecond yr _1 , and 
vt is the transverse velocity in km s . Figure [3] shows the 
index H versus the colour index Auv — V for the sample of 
694 objects with, on the left panel, the subset of known subd- 
warfs marked, and, on the right, the known white dwarfs also 
marked. A white dwarf sequence at 0.6 Mq (see Appendix 
A) is drawn covering the temperature between T c g — 12000 
and 84000 K at three representative transverse velocities. 
Figure U shows the corresponding H distribution functions 
for the known white dwarfs and subdwarfs. Hot white dwarfs 
dominate the number count at H > 13 while hot subdwarfs 
are predominant in the range H < 12. The H distribution 
functions are converted into a transverse velocity distribu- 
tion by calculating the absolute V magnitude My for each 
ob j ect and solving for the v elocity . 

iGreenstein fc SargentJ |l974) already suggested that 
stars on the EHB h ave similar luminosities. Ba sed on 
g8 4 values of 2.35 IGreenstein fc Sargentl Il974p. 2.28 
jMoehler. Heber. fc de Boerl 1990afj 3 L 2.64 dSaffer et al ' 



1 19941) . and 2.73 from the population synthesis of lHan et al 
(2003), we adopted a mean My w 4.2±0.5 for the subdwarfs. 
We found that the transverse velocities follow a distribution 
of the form N oc e~ VT ^ crv with a v ~ 6 kms" 1 . Based on 
a similar sample of hot subdwarf stars, iTheill et al.l (|l997l ) 
concluded that the se objects belong to the old thick Galac- 
tic disc. Similarly, lAltmann. Edelmann. fc de Boerl (|2004l ) 
found that 87% of their sample of sdB stars belong to the 
thick disc with the remainder in the Galactic halo. 

Next, we estimated My for each white dwarf by adopt- 
ing a mean mass of 0.6 Mq and by estimating T c s using the 
Auv — V colour index. We used the mass-radius relations of 



2 CDS available at http://cdswcb.u-strasbg.fr/CDS.html 
(|Ochsenbein. Bauer, fc Marcoudl200oT ), 



3 Edelmann et al. I [I2003T) state that the Stromgren calibration 
used bv lMoe}jler^leb*er' fc de Boed lll990ah may have been in- 
appropriate for sdB stars which may explain their lower mean 
value for g9 4 . Nonetheless, we include the value in the average 
and account for the possible uncertainties. 
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Figure 3. Reduced proper-motion diagram of a sample of N = 694 UV-excess objects with TVtjv — V< 0.5. The scales on the right-hand 
side show the corresponding absolute V magnitudes for transverse velocities of, from inside to outside, 10, 25, and 50 km s _1 . The samples 
of known hot subdwarfs (left) and white dwarfs (right) are shown with open circles and comprise 159 and 61 objects, respectively. The 
white dwarf sequence at 0.6 Mq (dashed lines) is shown for tangential velocities of, from top to bottom, 10, 25, and 50 km s — 1 . No 
corrections are applied for interstellar reddening. 



IWoodl (|l995t ) and lBenvenuto fc Althausl jl99$ ). The result- 
ing white dwarf velocities follow the same relation but with 
a v ~ 40 kms -1 . The kinematics of hot white dwarfs al so 
suggest that they belong to the old disc ijSion et al.lll988l ). 

The apparent deficit in blue (iVuv — V < —0.5), lu- 
minous (H < 6) stars in the upper-left corner of Fig- 
ure O is caused in part by interstellar extinction affect- 
ing more distant stars and in part by the relative rarity 
of lumi nous blue stars. Using the R y = 3 .2 parametriza- 
tion of ICardelli, Clayton, fc Mathisl |l989), we estimate 
A-m vv /E B -v = 7.75 while Ay/E B -v = 3.2. For a hypothet- 
ical, distant star with Eb-v = 0.2, the ultraviolet-optical 
colour correction would be (A*uv — V) — (iVuv — V)o = +0.91. 
The corresponding shift in colour would displace an intrin- 
sically blue object in Figure [3] close to a magnitude toward 
the right. This effect, not apparent at lower luminosities, 
helps draw further distinctions between luminous and sub- 
luminous stars that are not affected to the same degree by 
interstellar extinction. 

The information gathered from the sample of known 
objects is useful in distinguishing the white dwarf and sub- 
dwarf populations based on the observed H distribution. 
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2.2 Follow-up optical spectroscopy 

We obtained low dispersion spectra of subluminous candi- 
dates using the EFOSC2 (ESO Faint Object Spectrograph 
and Camera) attached to the New Technology Telescope 
(NTT) at La Silla Observatory, and using the RC Spec- 
trograph (Ritchey-Chretien Focus Spectrograph) attached 
to the 4-m telescope at Kitt Peak National Observatory 
(KPNO). 

At the NTT on UT 2008 October 19-22, 2009 March 2- 



Figure 4. Distribution of H (left) and corresponding trans- 
verse velocities vt (right) for hot subdwarfs (top) and white 
dwarfs (bottom). The velocity distribution functions follow N oc 
e~ v t j w ith the best- fit values given in the upper right corner 
above the distributions. 

4, and 2009 August 23-27 we employed the grism #11 (300 
lines per mm) with a dispersion of « 4.17 A per binned pixel 
(2x2). The slit width was set at 1" resulting in a resolution 
of » 16 A. At the NTT on UT 2010 March 2-4 we employed 
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grism #7 (600 lines per mm) with a dispersion of « 1.96 A 
per pixel. The slit width was set at 1" resulting in a resolu- 
tion of « 8 A. Finally, at KPNO on UT 2010 March 23-26 
we employed the KPC-10A grating (316 lines per mm) with 
a dispersion of 2.75 A per pixel in first order and centred on 
5300 A. The slit width was set at 1.5" resulting in a spectral 
resolution of « 5.5 A. 

Our spectroscopic observations are progressing toward 
decreasing H values. The sample H ^ 13 is completed and 
the sample with H ^ 11 is 80% completed. We obtained high 
signal-to-noise spectra suitable for detailed line profile anal- 
ysis. This analysis is based on the calculation of model grids 
and detailed synthetic hydrogen and helium line profiles. 



2.3 Model atmospheres 

We computed a grid of high-gravity models in local ther- 
modynamic equilibrium (LTE) suitable for the analysis of 
hydrogen-rich white dwarfs. The models are in convec- 
tive/radiative equilibrium and assume plane parallel geom- 
etry. The model opacities include hydrogen bound-bound, 
bound-free, and free-free absorptions, as well as H~ bound- 
free and free-free absorptions at lower temperatures. The 
model opacities also include the hydrogen Rayleigh scatter- 
ing and the electron scattering. The grid covers a range of 
parameters suitable for the analysis of hydrogen-rich white 
dwarfs with T efi from 7000 to 100000 K, log 3 from 5.5 to 
9.5, and a pure hydrogen composition. Det ailed hydroge n 
line profiles are compute d using the tables o f lLemkei (|l997h . 
iKawka fc Venn es (2006) provide additional details of the 
model calculation^. We describe in Appendix A and em- 
ploy in Section 3.3 a set of absolute magnitudes computed 
using these white dwarf models. 

Next, we computed a grid of non-LTE model atmo- 
spheres and synthetic spectra covering a range of pa- 
rameters (T e ff , logg, log n(He)/n(H)) suitable for hydrogen 
and heliu m-rich subdwarf s tars using the codes Tlusty - 
Synspec (|Hubenv fc Land Il995l ; lLanz fc Hubenvl Il995h . 
The models are regrouped in three overlapping grids with 
grid number 1 suitable for sdB stars covering T e a from 21000 
to 35000 in steps of 1000 K, log g from 4.5 to 6.25 in steps 
of 0.25 dex, and log n(He)/n(H) from -4 to -1 in steps of 0.5 
dex. Similarly, grid number 2, suitable for sdB and sdO stars, 
covers T eff from 25000 to 45000, logg from 5.0 to 6.25, and 
logn(He)/n(H) from -3 to 0. Finally, grid number 3, suitable 
for helium-rich stars, covers T e ff from 34000 to 60000 in steps 
of 2000 K, logy from 5.0 to 6.25, and log n(He)/n(H) from 
to 2. The hydrogen, neutral helium, and ionized helium 
models comprise 9, 24, and 20 energy levels, respectively. 
Figure [5] shows model spectra representative of the sdB and 
sdO classes. 



4 Recent improvements in hydroge n line broadening theory tak - 
ing into account non-ideal effects dTremblav fc Bergeron! 120091) 
could result in upward revisions of our T e g and logg measure- 
ments by up to 10% and 0.15 dex, respectively. 



3 A CATALOGUE OF SUBLUMINOUS STARS 

3.1 Sample of bright (V < 12) subluminous 
candidates 

The bright selection potentially harbours new nearby subd- 
warf or white dwarf stars. Table [1] lists bright UV-selected 
stars (V < 12) showing the predominance of massive 
B stars, followed by hot subdwarfs (sdO, sdB), white 
dwarfs (DN=dwarf nova, PNN=planetary nebula nucleus, 
DA), and a nova-like star (NL). The content of this list 
resembles and complements the TD-1 catalogue of UV- 
bright stars. Only about 10% of UV sources listed by 
ICarnochan fc Wilson! (|l983h are subluminous stars, com- 
pared to « 30% in Table [1] The AW magnitudes range 
from 10.5 to 12.5 while m AB (2300A) ^ 11.5 in the TD-1 sur- 
vey, suggesting, as expected, that subluminous stars should 
dominate fainter selections such as the present GALEX se- 
lection. 

The bright source list includes a single white dwarf, 
G191-B2B, and 15 hot subdwarfs. No new white dwarfs 
were found in the bright source list. Six of the subdwarfs 
were previously known: the hot sdO stars Feige 67 and 
Feige 110, the He-sdB star CPD-20 1123 (Albus 1), the 
TD-1 discovery UVO 0825+15, the sdB plus GV binary 
EC 11031-1348, and t he pulsating sdB EC 20117-4014 
ijO'Donoehue et a]Hl997T l. An additional nine new subdwarfs 
complete the bright source list, including the newly identi- 
fied binaries GALEX J0321+4727 and GALEX J2349+3844 
ijKawka et al.ll2010al ). The sdB GALEX J0321+4727 is in 
a 0.26584 d binary with a late-type companion showing a 
large reflection effect, while the sdB GALEX J2349+3844 is 
in a 0.46249 d binary with, most probably, a white dwarf 
companion. The brightest new subdwarf in our sample is 
CD-32 1567 with V = 11.2. 

Samples of bright, nearby white dwarfs are 
largely based on the Lo w ell p roper-motion survey 
ijGiclas. Burnham. fc Thomas! Il980h . listed with the 
GD and GR prefixes , or the New Luyten T wo- Tenth survey 
ljLuvtenlll979l . Il980l : ISalim fc Gouldll2003l i. listed with the 
NLTT prefix. Of the ten known white dwarfs brighter 
than V = 12, only RE 2214 -492 is a relatively recent 
discovery (|Holberg et al.lll993h i n the ROSAT/Wid e Field 
Camera extreme- UV survey (see iMason et al.lll995h . Based 
on their expected UV flux output, eight out of the ten 
known white dwarfs brighter than V = 12 were eligible for 
detection, while the remaining two objects (WD 1142—645 
and WD 0839-327) have low UV flux output. However, 
the fields surrounding WD 1142-645, WD 0839-327, 
Procyon B (WD 0736+053), Sirius B (WD 0642-166), 
WD 2032+248 (Wolf 1346), and WD 1620-391 (CD-38 
10980) are close to the Galactic plane in areas not covered 
in the GALEX survey. Three of the remaining objects suf- 
fered various defects mainly caused by their excessive UV 
brightness: WD 0413-077 (40 Eri B) is in fact not included 
in GSC2.3.2 although it would still have been excluded from 
our selection because of the poor quality of the AW and 
Fuv photometry; WD 0310—688 was also excluded because 
of the unreliability of the AW photometry; RE 2214-492 
was excluded from our selection because of the lack of Fuv 
photometry. Because it met all the criteria, WD 0505+527 
(G191-B2B) is the only white dwarf retrieved in the bright 
source list. 
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Table 1. Sample of bright (V < 12) subluminous candidates. 
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/ The blue star Albus 1 llCaballero fc Solancll2007f) was identified as a sdB-He star bv lVennes, Kawka, fc Smit 3 (l2007f) . 
9 Classified as a sdO bv lBerger fc Fr ingant ( 19801). 

I Reed fc Stieningl d2004) noted the composite optical-infrared colours. 
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Figure 5. Model spectra for sdB stars (left panel), He-sdB stars (middle panel), and He-sdO stars (right panel) extracted from the main 
model grid. 



3.2 Properties of the hot subdwarfs 

Figure [6] shows our spectroscopy of subdwarf stars 
sorted by effective temperatures. Helium line strengths 
show large variations from one object to the next with 
the noteworthy cases of J0747+6225 and J0827+1753 
which display strong Hel line spectra. The spectra of 
GALEX J0934-2512 and J1632+0752 (=PG 1629+081) 
show peculiar HelA4471/HellA4686 line ratios that are too 
weak compared to other objects with similar Balmer line 
spectra. The discrepancy is likely to result in helium abun- 
dance inconsistencies. Two of our targets showed composite 
sd+MS spectra and are not shown here (but see Section 
3.2.1). Ten objects show He-rich spectra with the remainder 
showing H-rich spectra, or a 1:5 number ratio. 



We fitted the observed spectra from Ha (or H/3) to Hn 
with the non-LTE model grid using \ 2 minimization tech- 
niques. The quoted errors are 1-a statistical errors. FigureQ 
shows an example of an analysis of hydrogen/helium line 
profiles. The hot sdB star GALEX J0639+5156 is part of 
our bright sample (V ~ 12) and is typical of its class. Ta- 
ble [2] lists the atmospheric parameters of the hot subdwarfs 
observed in this program. We listed the results of our analy- 
sis for GALEX J0934-2512 and J1632+0752 excluding the 
HenA4686 line. A detailed analysis of these peculiar subd- 
warfs will be presented elsewhere after high-dispersion red 
and blue spectra are obtained. A preliminary analysis of the 
composite sdB+GV spectra is presented in Section 3.2.1. 

The spectral classification follows a simple scheme (see 
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Figure 6. NTT and KPNO spectra of bright sdB and sdO stars from the GALEX selection ranked according to temperatures from the 
coolest star (lower left) to the hottest star (upper right). 



a discussion in Hcber 200^): spectra with dominant hydro- 
gen Balmer lines along with weaker Hel or Hell lines are 
labelled sdB or sdO, respectively. Spectra with dominant 
Hell lines are labelled He-sdO, whereas spectra with unusu- 
ally strong Hel lines are labelled He-sdB. The newly iden- 
tified He-sdO GALEX J1911-1406 is a bright example of 
its class. The low-dispersion spectrum shows strong lines of 
the Hell Pickering series, HellA4686, HelA4471, and a strong 
Ciii-ivAA4647-4658 blend, and NmAA4634-4641 multiplet. 
All He-sdO stars share these features to varying degrees and 
are characterized with 43000 < T cff < 52000 K, logp w 5.6 
and log n(He)/n(H) > 0.7. Among their cooler counter- 
parts, such as the He-sdB star GALEX J0828+1452, some 
have higher hydrogen abundance than He-sdO stars with 



weaker carbon and nitrogen lines. Overall, our subdwarf se- 
lection _dispjla^_abu^ance diversities often noted in sdB 
stars (Edelma nn et all l2003h and sdO stars (|Stroeer et al.l 
l2007h . 



3.2.1 The sdB+G2V binaries EC 11031-1348 and 

GALEX J '1736+2806 and four binary candidates 

Companions to hot subdwarf st ars are often de- 
tecte d from radial v e locity variations (|Morales-Rueda et alj 
120031 ; iKawka et ail l2010al ). while more luminous com- 
panions contribute to c o mposi te spectra or c olours 
dAznar Cuadrado fc Jeffervl |2002l ; IStark fc Wade] 120031 ; 



iReed fc Stienindl2004l ). For example, Figure [8] shows a pre- 
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Table 2. Properties of evolved subluminous stars. 
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084143. 


8+130431 a 


He-sdO 


13 


.66 


47000 ± 1800 


5 


.36 ± 0. 


27 


085649. 


.3+170115 


sdB 


13 


.17 


28360 ± 700 


5 


.30 + 0. 


15 


090540. 


.9+121228 


sdB 


14 


.67 


27020 ± 1000 


5 


.38 ± 0. 


17 


092308. 


,3+024208 a 


sdB 


14 


.48 


28480 ± 800 


5 


.29 ± 0. 


16 


092856. 


.1+061634 


sdB 


11 


.29 


25020 ± 1100 


5 


.27 + 0. 


18 


093448. 


.2-251248 


sdO 


13 


.03 


34800 ± 800 


5 


.07 + 0. 


21 


095256. 


.6-371940 


He-sdO 


12 


.69 


43000 ± 1000 


5 


.44 ± 0. 


30 


100752. 


.0-292435 


sdB 


12 


.87 


41000 ± 950 


5 


.66 ± 0. 


20 


i r\ a 1 o n 

1U41ZZ. 


o i tr n a a on 

.0+504420 


He-sdO 


15 


.31 


rr i /ion I 1 rrnn 

51480 ± 1500 


•5 


.75 ± 0. 


15 


-I A/11 

104130. 


a i "i o a n I n 

.4+184210 


sdB 


13 


.24 


o a "i nn 1 a nn 

34100 ± 400 


5 


.65 ± 0. 


12 


104148. 


.9-073031 


sdB 


12 


.14 


26430 ± 850 


5 


.48 ± 0. 


14 


110055. 


.9+105542 


sdB 


14 


.20 


31550 ± 400 


5 


.75 ± 0. 


13 


110541. 


.4-140423 


sdB+GV 


13 


q£ 


(28000) 




(5.50) 




111422. 


.0-242130 


sdB 


12 


.68 


21560 ± 1020 


5 


.02 ± 0. 


20 


125941. 


.6+164827 


sdB 


14. 


.37 


o/^con I con 

36620 ± 530 


5 


.82 ± 0. 


13 


131512. 


.4+024531 


sdO 


15 


.10 


38980 ± 1150 


5 


.14 + 0. 


19 


135629. 


.2-493403 


sdB 


12 


.30 


32300 ± 530 


5 


.53 ± 0. 


11 


135824. 


.6+065137° 


sdB 


14 


.50 


28120 ± 500 


5 


.45 ± 0. 


10 


141U00. 


o+uyozoo 


sars 




. 1U 


qki nn -1- a 
oDIUU rt 40U 


rr 



.Do rt U. 


1 1 


141115. 


.9-305307^ 


sdB 


11 


.90 


26500 ± 2700 


5 


.36 ± 0. 


26 


143519. 


.8+001350° 


sdB 


12 


.50 


21650 ± 1050 


4 


.99 ± 0. 


18 


145928. 


.5+190350 


sdB 


14 


.17 


36100 ± 500 


5 


.78 ± 0. 


12 


160131 


.3+044027 


He-sdB 


14 


.56 


39240 ± 600 


5 


.47 + 0. 


16 


163201. 


.4+075940° 


sdO 


13 


.01 


34700 ± 900 


5 


.00 + 0. 


22 


173153. 


.7+064706 


sdB 


13 


.74 


26880 ± 1150 


5 


.29 ± 0. 


20 


173651. 


2+280635 6 


sdB+GV 


12 


,,</ 
.6 


(28000) 




(5.50) 




181032. 


.0+053909 


sdB 


13 


.81 


31400 ± 450 


5 


.85 ± 0. 


14 


184559. 


.8-413827 


He-sdB 


14 


.63 


36400 ± 3200 


5 


.75 ± 0. 


65 


190302. 


.5-352829 


sdB 


14 


.34 


32900 ± 900 


5 


.44 ± 0. 


26 


191109 


,3-140654 b 


He-sdO 


11 


.77 


50000 ± 2200 


5 


.56 ± 0. 


32 


234947. 


,7+384440 b ' c 


sdB 


11 


.71 


28400 ± 400 


5 


.40 + 0. 


30 
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HE 0247-0418, PB 9286 
PG 0314+146 

CD-32 1567 

CD-28 1974, HE 0505-2806 

CPD-73 420 
FBS 0742+625 



TD1 31206 

PG 0838+133 

PG 0902+124 
PG 0920+029 
PG 0926+065 



CD-28 7922 
PG 1038+510 



EC 11031-1348, FAUST 2814 
EC 11119-2405 
PG 1257+171 



CD-48 8608 
PG 1355+071 
PG 1408+098 
CD-30 11223, 
PG 1432+004 
PG 1457+193 
PG 1559+048 
PG 1629+081 



FAUST 3993 



FBS 2347+385 



a Stromgren photometry from IWesemael et alj jl992l) : PG 0314+146 (y = 12.525), PG 0838+133 (y = 13.653), 

PG 0920+029 (y = 14.395), PG 1257+171 (y = 14.276), PG 1355+071 (y = 14.307), PG 1408+098 (y = 14.115), 

PG 1432+004 (y = 12.759), PG 1629+081 (y = 12.779). 

^ Also in the bright (V < 12) sample. 

c Parameters taken from lKawka et al". (2010a). 

" Based on spectral decomposition (see Section 3.2.1). 
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Figure 7. Model atmosphere analysis of the low-dispersion 
KPNO spectrum of GALEX J0639+5156. The top panels show 
the line profiles and best-fit models, while the lower panels show 
the x 2 contours at 60, 90, and 99%. 



liminary spectral decomposition of EC 11031—1348 and 
GALE X J1736+2806 . Base d on infrared excess measure- 
ments, lUlla fc TheuH (|l998h found that out of 41 hot sub- 
dwarfs, 13 may have G-type c ompanions. The fraction is 
somew hat lower than found by iTheill. Ulla. fc MacDonaldl 
who measured a 50% incidence of binaries in their 
sample. Figure [5] shows the location of our own sample 
of hot subdwarf stars in a V — J versus J — H diagram. 
Most objects cluster close to a sequence defined by single, 
hot subdwarfs with V — J, J — H < 0. A small group of 
six objects, two of them analysed here (EC 11031 — 1348, 
GALEX J1736+2806), are located at V - J, J - H > and 
indicating the presence of a G-type companion in « 1/8 of 
our sample. 

The subdwarf star s with IR excess are EC 11031 — 1348 
l|Kilkennv et alj 1 19971) which shows c omposite optical- 
infrared colours ( Reed fc Stieninel I2004T I. and the newly 
spectroscopically identified sdB+GV GALEXJ 1736+2806. 
The four other objects with likely F to late G compan- 
ions are CD-28 1974 (GALEXJ 0507-2802), CPD-73 420 
(GALEX J0657-7324), CD-28 7922 (GALEX J1007-2924) 
and CD-48 8608 (GALEX J1356-4934). The two subd- 
warfs with marked composite spectra (EC 11031—1348 and 
GALEXJ 1736+2806) are possibly less luminous, hence 
more easily contaminated in the optical, than the other four 
objects that show infrared colours typical of G-type stars, 
but that do not show evidence of a companion in blue spec- 
troscopy. 



3.2.2 Overlap with other catalogues of blue stellar objects 

Our selection recovered thirt een hot subdwarfs from 
the Palomar- Green survey (|Green. Schmidt, fc Lieberj 
1 19861 ): the sdB stars PG 0902+124, PG 0920+029, 
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Figure 8. Spectral energy distribution of the sdB+G2V bina- 
ries EC 11031-1348 and GALEX J1736+2806 and spectral de- 
compositions. The hot subdwarfs are represented with a model 
at T e ff = 28, 00 K and the companion by a G2V template from 
Pickles! dl998h. The U BV photometry for EC 11031-1348 is from 
Kilkenny et al.l ljl997l l. 



PG 0926+065, PG 12 57+171, PG 1335+071, PG 1 40 8+098 
PG 1432+004 (IMoehler Heber, fc de Boerl Il990al : 
lAznar Cuadrado fc Jeffervl l200ll ). PG 1457+193, 
PG 1559+048, and PG 1629+081, and th e sdO 
stars PG 031 4+146 jAznar Cuadrado fc Jeffervl 120011 ), 
PG 0838+133 (jDreizler et al.lll990l ; ITheill et alJll994h . and 
PG 1038+510. A detailed spectroscopic analysis for eight 
out of ten sdB stars from the PG survey, and two out of 
three sdO stars fr om the same su r vey is presented here 
for the first time. IWesemael etTafl 0992) list Stromgren 
photometry for eight PG objects from our selection (see 
Table [2]). 

Now, we compare the results of our analysis of four PG 
subdwarfs with the results of previous studies. 

PG 0314+146 Using hydrogen models to de- 
scribe the spectral energy distri bution of PG 0314+146 
lAznar Cuadrado fc Jeffervl l|200ll ) derive a relatively low 
temperature of 20800K. Moreover, IMoehler et~ai1 l|l990bl ) 
observed narrow hydrogen Balmer lines, in contrast to our 
spectrum which shows broad and s hallow Hell lines t ypica l 
of helium-rich sdO stars. However, IWesemaeT et all fl992D 
no ted a discrepan c y betw een their own photometry and that 
of IMoehler et all jjl990bh and concluded that Moehler et 
al. observed the wrong object. Our GALEX target is lo- 
cated at the coordinates listed by Wesemael et al. The In- 
ternational Ultraviolet Explorer (IUE) low-dispersion large- 
apert ure spectrum SWP51740L (|Aznar Cuadrado fc Jeffervl 
l200ll ) is peculiar with a broad Lycv line and strong CivA1550 
line, but weaker HenA1640 line. The Lya line strength is 
inconsistent with a photospheric origin. Indeed, the equiva- 
lent width of W = 21 A implies a neutral hydrogen column 
density in the line of sight n H = 1.9 x 10 18 W 2 (k) = 8 x 
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Figure 9. Optical-infrared V — J versus J — H diagram for new 
hot subdwarfs (Table [2{ showing confirmed or likely binaries in 
the lower-right corner. Confirmed binaries are shown with open 
squares and suspected binaries with open circles. The companion 
spectral types range from late F to early G. Most objects clus- 
ter near the subdwarf sequence shown with synthetic colours for 
models at 20000 < T cff sC 40000 K and logg = 5.7 (thick line). 
Note the narrow range of optical-IR colours of hot, single subd- 
warf stars. 



Following the dust-to-gas relation tih/Bb-v = 
the extinction coefficient is predicted to 
be Eb-v = 0.14, or w 60% of the total extinction in 
the line-of-sight toward PG 0314+ 146 (Eb-v = 0.2267, 
ISchleeel. Finkbeiner. fc Davidll998h . At a Galactic latitude 
b = —35.1 and distance of 300-500 pc (assuming My = 
4.2±0.5), PG 0314+146 lies 170-290 pc above the plane and 
the extinction coefficient is expected to be closer to the to- 
tal extinction in the line-of-sight. In summary, PG 0314+146 
is a hot He-sdO with a UV flux distribution showing large 
interstellar extinction. 

P G 0838+133 Our n ew parameters confirm the anal- 
ysis of iTheill et ail (|l994T i, T eB = 55000 K, logg = 5.8 
and 9 0% helium (logn(He)/n(H) = 1), and iDreizler et abl 
(|l99Gh . T eff = 44000, log g = 4.8, log n(He)/n(H) = 1. We 
find that the atmosphere is He-rich, as previously deter- 
mined, and that our new temperature and surface gravity 
measurements are consistent with the average of the pub- 
lished values. 

PG 1432+004 Our new measurements agree with 
the pa rameters measured by iMoehler. Heber. fc de Boerl 
i|l990al ) that are based on spectroscopy and Stromgren 
photometry (T e g = 22 4 00 K, logg = 5). However, 
lAznar Cuadrado fc Jeffervl i|200ll ) measured T cB = 25500 ± 
700 K at logp = 5.5 based on IUE spectra. The IUE 
temperature is significantly higher than the optical mea- 
surements possibly because of uncertainties in the inter- 
stellar reddening index (Eb-v = 0.07) determined by 
lAznar Cuadrado fc Jeffervl (|200lh . 



PG 1629+081 lAllard et al.l (| 19941 ) and 
lAznar Cuadrado fc Jeffervl (|200lh noted that PG 1629+081 
has a composite optical-UV spectrum. Ho wever, their 
temp erature measurements, T e ff = 32500 (|Allard et al.l 
1 19941) and T eS = 26400 ± 11 50 K at logs = 5.5 
l Aznar Cuadrado fc Jeffervl l200ll ). are lower than ex- 



pected for a subdwarf showing dominant HellA4686 line. 
We could not verify the presence of a companion because of 
the low quality of the 2MASS J photometry. 

We recovered two obj ects from the Firs t Byurakan Sur- 
vey of blue stellar objects (|Mickaelianll2008ri : FBS 0742+625 
classified as Bl, and FBS 2347+385 classified as sdB. Our 
analysis establishes sdB classifications for both objects. 
We also note from the Ham bourg-ESO survey the ob jects 
HE 0247-0418 (=P B 9286. IBerger fc FringantJ 1 19841) and 
HE 0505—2806 (see iFrebel et alj|2006l ). IBerger fc FringantJ 
l|l984h previously classified PB 9286 as a sdB. Finally, two 
objects, EC 11031-1348 and EC 11119-2405, are found in 
the Edinburgh-Cape survey l|Kilkennvet al.lll997t ). Several 
objects are also included in the Cape Photographic Durch- 
musterung (CPD) or Cordoba Durchmusterung (CD) cat- 
alogues and we listed these names in Table [2] as long as 
magnitudes and positions (r < 1') are reasonably matched. 

Three hot subdwarfs are also listed in the UV 
catalogues TD-1 and Far-U ltr aviole t Space Tele- 
scope (FAUS T; iBowver et all 



19951 ). The 



TD1 312060 (iThompson et all ll978T) also 



UVO 0825+15 
as an sdO by 

cata logue of spectroscopicall y 
of iKilkennv. Heber. fc Drilhngl (|l988l ) 
FAUST 2814 and FAUST 3993 



1983). 



known as 
listed 



(Carnochan & Wilson 
Berger fc FringantJ (119801 7" and in the 
identified subdwarfs 



The sources 
also known as 
EC 11031-1348 ijKilkennv et al.lll997l ) and CD-30 11223, 
respectively. 



3.2.3 Hot subdwarf evolution 

Figure [10] shows the measured parameters in the log g ver- 
sus T ett - plane and the logn(He)/n(H) versus T e ff planes. 
The temperature and surface gravity measurements are 
compared t o EHB sequences at 0.471, 0.473 , 0.475, and 
0.480 M Q l|Dorman. Rood fc O'Connelll Il993l ). The zero- 
age extreme horizontal-branch and the terminal-age ex- 
treme horizontal-branch that marks the exhaustion of he- 
lium in the core are labelled ZAEHB and TAEHB, re- 
spectively. The location of the helium main sequenc e 
(HeMS), covering from . 33 to 2.0 M p, is fromlDivinel (fl965h ■ 
lHansen fc Spangenberd (|l97ll ). and iPaczvhskil |l971al ). A 
class distinction is drawn at 8 = 0.145. The 10 hot objects 
(8 < 0.145) are on average more luminous than the 38 cooler 
objects (8 > 0.145) and are predominantly He- rich. The av- 
erage value of log g8 4 is 1.9 in the former group while it is 2.5 
in the latter. Some He-sdO stars are close to the He-burning 
main-seq uence with masses ranging from 0.75 to 1.0 Mq as 
found bv lTheill etaD (|l994h and are possibly more massive 
than the average sdB star (« 0.5 Mq). 

GALEX J0804-1058 is possibly following an evo- 
lutionary pat h similar to the sdB plus WD binary 
HD 188112 l|Heber et all [2003), and will eventually 



The TD-1 catalogue number 32707 used in Simbad is an error. 
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Table 3. New white dwarfs selected from colours (Ayv — V < 0.5) and proper motion (H > 13). 



GALEX J 


V 


AW -V 


AW - J 


J-H 




^eff 


log 9 


Notes 




(mag) 


(mag) 


(mag) 


(mag) 


(mas yr -1 ) 


(K) 


(cgs) 




041051.6+592501^, 


14.69 


-1.03 


-1.18 


+0.18 


98 + 7 


29990+140 


7.80 + 0.03 


2RE J0410+592 


045219.3+251935 - 


14.93 


-1.07 


-1.22 


-0.07 


110 + 3 


19620+370 


8.23 + 0.06 




081237.8+173701 


13.46 


+0.15 


-0.15 


-0.08 


124 + 3 


15260+160 


7.82 ± 0.04 




193156.8+011745^ 


14.18 


-0.63 


-1.11 


+0.12 


61 + 3 


20890+120 


7 Q + 03 
' -^-0.06 




215947.0+293640 


15.12 


-1.30 


-2.01 


-0.07 


88 + 2 


52850+1850 


7.47 + 0.14 




232358.7+014025^, 


14.28 


-1.25 


-2.01 


-0.13 


76 + 4 


74300+3600 


7.50 + 0.13 


PHL 497 



a Extreme UV source identified bv lMason et al. | Jl995h . 
^ From IVe nncs, Kaw ka, fe Nemethl j2010h . 

c lHaro fc LuvterJ l ll962h ; photometry available from Kilk enny! l ll995h . 
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Figure 10. Parameters of the GALEX sample of sdO (open 
square), Hc-sdO (open triangles), sdB (full squares), and Hc- 
sdB stars (full triangles). (Top) Helium abundance versus effec- 
tive temperature measurements showing clear class distinctions. 
Upper or lower limits are shown with arrows. (Bottom) Surface 
gravity versus effective tem perature measurements compared to 
evolutionary sequences from lDorman. Rood, fc O' ConneJ l|l993l l 
labelled with the corresponding masses. The ZAEHB and TAEHB 
are m arked with the lab els " a" and " b", re spectively. The HeMS 
from iPaczvnskilll971aT ) and iDivine! l ll965ri are marked with the 
labels "c" and "d", respectively. Typical error bars are shown in 
the upper left corner. 



evolve as an extremely low-m ass white dwarf (see 
iKawka. Vermes, fc Vaccaroll201o"bl ). A radial velocity study 
and search for a potential close companion is under way. 



3.3 Properties of the hot white dwarfs 

We analysed the white dwarf spectra from Ha (or H/3) to 
Hg using the same \ 2 minimization techniques employed in 
the analysis of the hot subdwarfs. The results of our analy- 
sis using the pure-H model grid are summarized in Table [3] 



Close inspection of the spectrum of GALEX J1931+0117 
suggested that the atmosphere of the star is polluted with 
heavy elements not normally o bserved in these objects. 
IVennes. Kawka. fc Nemethl |2010l ) presented a detailed anal- 
ysis of this peculiar white dwarf. 

Figure [TJJ (left) shows hot white dwarfs in a A/uv — J 
versus J — H diagram. Synthetic hot white dwarf colours 
are listed in Appendix A and the sample of known 
white dwarfs is described in Appendix B. Composite 
colours were computed by com bining absolute infrared 
magn itudes for M dwarfs |Kirkpatrick fc McCarthy! 
1 19941 ) with white dwarf absolute magnitudes. The white 
dwarf stars with notable IR excess are located in the 
lower left corner of the diagram. These objects are: 
PG0205+134, which was misclassi fied as a sdO and 
recla ssified as a hot DA (jLiebert. Bergeron, fc Holberd 
| 2005l) with a cool comp ani on (jCreensteinl Il986 : 
Iwilliams. McGraw. fc Grashuid l2001al; IWilliams et al] 



l2001bl ). PG 0824+ 289 (DA+dC. iHeber et all 



GD 123 (DA+dM4.5. iFarihi. Becklin. fc Zuckerman 



1993 



2005), 



PG 1 114+187 (DA+dMeT lHillwig. Honevcutt. fc Robertson! 



2000), PG 1123+189 (DA+dM. iGreen, Ali. fc Napiwotzkil 



2000), HZ 43 which is a hot DA with a crowded dM com- 



panion l|Greens tcin 1986;), an d the post common-e nvelope 
system GD 245 (DA+dMe ISchmidt et al. I Il995l ). Most 
objects fall along single hot white dwarf colours, but the 
objects with large infrared excess fall close to the WD+dM2 
sequence. 

Notable IR excess is also apparent in EUVE J 1847- 
223 and EUVE J2124+284 and to a lesser ex- 
tent in GALEX J04 1 0+59 25 and J1931+0117. 
IVennes. Kawka. fc Nemethl (|201Lt ) found a possible link 
between the infrared excess in GALEX J1931+0117 and 
the high heavy element abundance in its atmosphere. The 
infrared excess may be the signature of a debris disc being 
accreted onto the white dwarf surface. The infrared flux 
excess in the other three objects remains to be investigated. 
The case of EUVE 0623—376 illustrates potential problem 
with the brightest member from the sample. The A/uv — J 
index is affected by inaccurate non-linearity correction 
of the GALEX AAjv magnitude measurement. Figure [TT] 
(right) shows the same sample but as a function of white 
dwarf effective temperatures. Additional objects, that lay 
hidden in the main white dwarf cooling sequence, show a 
AW — J index apparently contaminated by late M dwarf 
companion (dM4-dM6). The majority of the known DA 
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white dwarfs closely follow the predicted UV-infrared colour 
index. About 10% of the white dwarfs have early M dwarf 
companions (M0-M4) with possibly another 10% having 
late M dwarf companions (M4-M9). Early- type companions 
are only detectable in far and extreme ultraviolet selections 
such as th at of TD-1 ([Landsman. Simon" fe Bergeror]|l996l ) 
or EUVE (I Vennes. Christian, fe ThorstenserJI 1998b . 



4 SUMMARY AND CONCLUSIONS 

We presented a new selection of ~ 700 subluminous stars 
based on the GALEX all-sky survey and UV-optical-IR 
colour indices built using the GSC2.3.2 Via and 2MASS J 
and H magnitudes. A reduced proper-motion diagram al- 
lowed to segregate new white dwarf and subdwarf candi- 
dates and spectroscopic follow-up observations uncovered 48 
previously unknown or poorly studied hot subdwarf stars, 
and six new white dwarf stars. Two of the n ew subdwarfs 
have b een found to be in short-period binaries |Kawka et al.l 
l2010al ) while one of the whi te dwarfs is a rare high- 
met a llicity DAZ white dwarf l)Vennes. Kawka. fe Nemethl 
l2010h . 

The content of the bright source list (V ^ 12) is typ- 
ical of bright UV surveys such as the TD-1 survey. The 
list contains primarily blue stars, but also 15 hot subd- 
warf stars. Nine of the bright subdwarfs were previously 
unstudied while the sdB star GALEX J0639+5156 and the 
He-sdO star GALEX J1911 — 1406 were previously uncata- 
logued. The bright subdwarf stars are part of a larger list of 
52 objects, with 48 of them analysed here for the first time. 
We found that six of the hot subdwarfs show composite UV- 
IR colours indicative of F to K type companions, with two 
of them showing composite sdB plus GV optical spectra. 
The incidence of binaries i n our sam ple is low (~ 12%) . 
iTheill. Ulla. fc MacDonaldl (| 19951 ) and blla fc Theilll l| 19981 ) 
found a higher fraction of binaries in their mixed sample 
of hot s ubdwarfs (>20% ) [Williams, McGraw. fc Grashuisl 
(200l3); IWilliams et all |2001bl ) also conclude based on 
IR and optical colour criter ia that > 60% of sdO stars 
have cooler companions , while lJefferv fc Pollaccol (|l99Sl ) and 
iReed fc Stienhigl (|2004l) found a ~20% incidence of binaries 
among samples of hot sdB stars. Relatively inaccurate V — J 
and J — H colour indices are possibly responsible for the 
lower incidence of binaries in our study. 

The stellar parameters T e s and loggr locate the sample 
of hot subdwarfs along post-EHB evolutionary tracks from 
the zero-age to the He main-sequence. The abundance of 
helium in the sample of sdB stars does not correlate with 
effective temperature < 30000 K, but a shallow trend is 
obser ved at 30000 < T cff < 40000 K (see lEdelmann et all 
120031 ). A clear break in the helium abundance at T e ff ~ 
40000 K separates He-sdO stars from the other classes. The 
He-sdB GALEX J1845— 4138 is an outstanding case among 
hot sdB stars. Its helium abundance is comparable to He- 
sdO stars but with a temperature ~ 4000 K cooler. 

Although we were able to report the discovery of several 
new hot subdwarfs, the bright source list does not contain 
new white dwarfs. The six new white dwarfs uncovered in 
this study were selected amongst fainter objects with higher 
proper- mot ions (H > 13). New white dwarfs may yet be 



uncovered amongst unobserved candidates in the range 11 < 
H < 13. 

Future work on this program will involve a detailed 
abundance study, in particular for carbon and nitrogen that 
offer clues to the o rigin of subdwarfs (e.g-. lLanz et al.ll2004l ; 
I Ahmad et aT1l2007l ). The Nin/CinAA4634-4651 blend is seen 
in several He-sdO stars. High-dispersion optical and ul- 
traviolet spectroscopy would also en able abundance mea- 
surem ents in sdB stars. For example, lOhl. Chaver. fc Moosl 
(2000) measured a metallicity of O.lx solar in the sdB 
star PG 0749+658: A more complete abundance pattern 
would also contribute in improving our T c g/logg measure- 
ments that are base d on H/He model atmospheres (see 
lEdelmann et al.ll2003l) . 

Spectroscopic observations and model atmosphere anal- 
yses of a second list of objects based on GALEX GR6 Nyy 
photometry will be reported in a forthcoming paper. 
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APPENDIX A: ULTRAVIOLET, VISUAL, AND 
INFRARED MAGNITUDES FOR WHITE 
DWARFS 

Table |A"T1 lists absolute GALEX iVuv and Fuv magnitudes, 
Johnson V magnitude, and the 2MASS J and H magni- 
tudes for white dwarfs of 0.4, 0.5, 0.6, 0.8, 1.0 and 1.2 M©. 
T he absolute c alibr ation employs the mass-radi us relations 
of lWoodl l|l995h and lBenvenuto fc Althau^ (| 19991 ). We calcu- 
lated the absolute ultraviolet magnitudes iVuv and Fuv m 
the AB system and using the post-launch response curvefl 
Next, we calculated the Johnson V and 2MA SS magnitudes 
usin g the response curves and zer o -point s of iBessenl (ll990T ) 
and Cohen. Wheaton. fc Megeathl (|2003h . respectively. Fig- 
ure lAll shows colour indices for all masses and between 12000 
and 84000 K. The F\jv — Nxjv index is sensitive to surface 
gravity, hence mass, at lower temperatures. With increasing 
surface gravity, the extended Lya line wing and the Lyman 
satellites act to depress the continuum in the F\jv band. The 
synthetic colours are computed with pure hydrogen models 
and do not take into account the effect of metallicity. The 
colours should also be corrected for the effect of interstellar 
reddening as needed. 



APPENDIX B: A SAMPLE OF BRIGHT WHITE 
DWARFS IN THE GALEX ALL-SKY SURVEY 

Table IB II lists colours and effective temperatures of known 
non-DA white dwarfs (DAB, DAO, DB, DO) recovered in 
our GALEX-GSC selection. The reference for the tabulated 
effective temperature and the usual name are also listed. 
Table lB2l provides the same information as Table IBTI but for 
the DA white dwarfs. 



6 Available at http://galexgi.gsfc.nasa.gov/docs/galex/ 
Document s/PostLaunchResponseCurveData. html. 
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Table Al. Absolute ultraviolet, optical, and infrared magnitudes as a function of white dwarf effective temperatures and 
masses. 
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12.349 


12.435 


12.411 


12.0 


12.952 


12.142 


11.617 


11.836 


11.843 


12.0 


13.606 


12.606 


12.100 


12.309 


12.309 


13.0 


12.016 


11.813 


11.477 


11.763 


11.780 


13.0 


12.634 


12.259 


11.946 


12.232 


12.244 


14 


11.478 


11.482 


11.327 


11 673 


11.700 


14.0 


11.990 


11.950 


11.818 


12 161 


12.182 


15 


11.088 


11.188 


11.186 


11 577 


11.613 


15.0 


11.566 


11.655 


11.679 


12 074 


12.105 


16.0 


10.758 


10.926 


11.061 


11.487 


11.530 


16.0 


11.231 


11.398 


11.560 


11.992 


12.031 


18 


10.202 


10.473 


10.843 


11 325 


11.380 


18.0 


10.676 


10.953 


11.346 


11 836 


11.887 


20 


9.729 


10.081 


10.645 


11.176 


11.240 


20.0 


10.211 


10.572 


11.157 


11 695 


11.757 


22 


9.311 


9.730 


10.458 


11 032 


11.105 


22.0 


9.810 


10.239 


10.987 


11 567 


11.638 


24.0 


8.939 


9.415 


10.287 


10.899 


10.980 


24.0 


9.448 


9.933 


10.822 


11.442 


11.521 


26.0 


8.601 


9.119 


10.117 


10.766 


10.854 


26.0 


9.123 


9.648 


10.662 


11.317 


11.404 


28 


8.294 


8.837 


9.945 


10 627 


10.723 


28.0 


8.832 


9.380 


10.501 


11 188 


11.283 


30 


8.025 


8.577 


9.776 


10 482 


10.585 


30.0 


8.577 


9.132 


10.341 


11 053 


11.153 


32.0 


7.797 


8.354 


9.620 


10.344 


10.451 


32.0 


8.364 


8.923 


10.197 


10.925 


11.029 


36.0 


7.438 


8.007 


9.366 


10.110 


10.221 


36.0 


8.038 


8.609 


9.973 


10.720 


10.829 


40.0 


7.171 


7.756 


9.174 


9.931 


10.044 


40.0 


7.800 


8.386 


9.808 


10.567 


10.679 


aa n 

H. u 




7.551 


9.013 


Q 77S 




aa n 


/ .DUD 


8.208 


9.672 


iu.^oy 


in kkq 
1U.ODO 


48.0 


6.758 


7.372 


8.867 


9.639 


9.755 


48.0 


7.443 


8.058 


9.555 


10.329 


10.445 


52.0 


6.583 


7.209 


8.731 


9.509 


9.626 


52.0 


7.299 


7.925 


9.450 


10.229 


10.345 


56.0 


6.419 


7.055 


8.601 


9.383 


9.501 


56.0 


7.169 


7.807 


9.354 


10.138 


10.255 


60.0 


6.261 


6.907 


8.472 


9.259 


9.377 


60.0 


7.049 


7.696 


9.263 


10.051 


10.169 


64.0 


6.105 


6.760 


8.343 


9.133 


9.252 


64.0 


6.936 


7.592 


9.176 


9.968 


10.087 


68.0 


5.951 


6.614 


8.212 


9.005 


9.125 


68.0 


6.830 


7.493 


9.093 


9.888 


10.007 


72.0 


5.796 


6.466 


8.078 


8.874 


8.995 


72.0 


6.726 


7.398 


9.011 


9.809 


9.929 


76.0 


5.636 


6.313 


7.938 


8.737 


8.858 


76.0 


6.628 


7.306 


8.931 


9.732 


9.853 


80.0 


5.470 


6.153 


7.789 


8.592 


8.713 


80.0 


6.533 


7.217 


8.854 


9.657 


9.778 


84.0 


5.300 


5.989 


7.637 


8.441 


8.563 


84.0 


6.437 


7.127 


8.774 


9.580 


9.702 
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Hot subluminous stars in GALEX 19 




-2-10 1 -0.8 -0.6 -0.4 -0.2 



Figure Al. (Left) Ftjv — N\jv versus iVuv — V colour indices for white dwarfs at, from top to bottom, 0.4, 0.5, 0.6, 0.8, 1.0, and 1.2 
Mq and 12000 ^ T e g 84000 K, and (right) -/Vtjv — V versus V — J for the same masses and temperatures. 



Table Al - continued 



T eff F vv N vv V J H T eff F uv A^uv V J H 

(10 3 K) (mag) (mag) (mag) (mag) (mag) (10 3 K) (mag) (mag) (mag) (mag) (mag) 







1.0 Mq 




















1.2 Mq 












10.0 


17.215 


14.156 


13 


228 


13 


134 


13 


069 


10.0 


18 


175 


14 


949 


14 


055 


13 


944 


13 


872 


11.0 


15.660 


13.603 


12 


896 


12 


968 


12 


937 


11.0 


16 


757 


14 


403 


13 


726 


13 


780 


13 


741 


12.0 


14.297 


13.129 


12 


638 


12 


837 


12 


829 


12.0 


15 


337 


13 


931 


13 


460 


13 


643 


13 


627 


13.0 


13.346 


12.745 


12 


457 


12 


744 


12 


751 


13.0 


14 


341 


13 


530 


13 


261 


13 


539 


13 


538 


14.0 


12.587 


12.460 


12 


344 


12 


683 


12 


698 


14.0 


13 


568 


13 


213 


13 


123 


13 


464 


13 


473 


15.0 


12.106 


12.171 


12 


219 


12 


612 


12 


636 


15.0 


12 


967 


12 


958 


13 


026 


13 


412 


13 


429 


16.0 


11.749 


11.911 


12 


097 


12 


533 


12 


567 


16.0 


12 


560 


12 


700 


12 


917 


13 


349 


13 


375 


18.0 


11.185 


11.468 


11 


885 


12 


382 


12 


430 


18.0 


11 


970 


12 


255 


12 


705 


13 


210 


13 


252 


20.0 


10.724 


11.094 


11 


701 


12 


246 


12 


305 


20.0 


11 


504 


11 


883 


12 


520 


13 


075 


13 


129 


22.0 


10.326 


10.765 


11 


532 


12 


120 


12 


187 


22.0 


11 


111 


11 


560 


12 


356 


12 


953 


13 


017 


24.0 


9.972 


10.465 


11 


372 


11 


999 


12 


075 


24.0 


10 


766 


11 


269 


12 


202 


12 


837 


12 


910 


26.0 


9.658 


10.189 


11 


219 


11 


881 


11 


965 


26.0 


10 


460 


10 


998 


12 


051 


12 


721 


12 


803 


28.0 


9.377 


9.928 


11 


063 


11 


756 


11 


848 


28.0 


10 


193 


10 


748 


11 


902 


12 


601 


12 


691 


30.0 


9.135 


9.693 


10 


911 


11 


627 


11 


726 


30.0 


9 


964 


10 


524 


11 


758 


12 


478 


12 


574 


32.0 


8.932 


9.493 


10 


775 


11 


506 


11 


609 


32.0 


9 


774 


10 


338 


11 


630 


12 


364 


12 


465 


36.0 


8.624 


9.197 


10 


565 


11 


315 


11 


423 


36.0 


9 


488 


10 


063 


11 


438 


12 


190 


12 


296 


40.0 


8.397 


8.986 


10 


410 


11 


172 


11 


283 


40.0 


9 


276 


9 


866 


11 


296 


12 


059 


12 


169 


44.0 


8.220 


8.822 


10 


289 


11 


058 


11 


172 


44.0 


9 


110 


9 


715 


11 


185 


11 


957 


12 


069 


48.0 


8.068 


8.684 


10 


183 


10 


959 


11 


074 


48.0 


8 


971 


9 


588 


11 


091 


11 


869 


11 


983 


52.0 


7.934 


8.562 


10 


088 


10 


870 


10 


985 


52.0 


8 


849 


9 


478 


11 


007 


11 


791 


11 


907 


56.0 


7.819 


8.457 


10 


006 


10 


792 


10 


909 


56.0 


8 


741 


9 


380 


10 


932 


11 


720 


11 


837 


60.0 


7.710 


8.358 


9 


926 


10 


716 


10 


834 


60.0 


8 


642 


9 


291 


10 


862 


11 


654 


11 


772 


64.0 


7.611 


8.267 


9 


853 


10 


646 


10 


765 


64.0 


8 


555 


9 


212 


10 


800 


11 


596 


11 


714 


68.0 


7.519 


8.183 


9 


784 


10 


581 


10 


700 


68.0 


8 


475 


9 


140 


10 


743 


11 


542 


11 


662 


72.0 


7.432 


8.104 


9 


718 


10 


518 


10 


637 


72.0 


8 


402 


9 


074 


10 


690 


11 


492 


11 


613 


76.0 


7.349 


8.028 


9 


654 


10 


457 


10 


577 


76.0 


8 


333 


9 


012 


10 


640 


11 


445 


11 


566 


80.0 


7.270 


7.955 


9 


592 


10 


398 


10 


519 


80.0 


8 


268 


8 


953 


10 


593 


11 


401 


11 


522 


84.0 


7.193 


7.883 


9 


531 


10 


339 


10 


460 


84.0 


8 


207 


8 


897 


10 


547 


11 


357 


11 


479 
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20 S. Vennes et al. 

Table Bl. Colours and temperatures of known non-DA white dwarfs in the GALEX selection. 



R.A.(J2000) 


Dec.(J2000) 




J-H 




Name 


Sp. Type 


Reference a 






(mag) 


(mag) 


(10 3 K) 








00 08 18.2 


+51 23 15.1 


-1.06 


-0.19 


200.0 


KPD 0005+5106 


DO 


(1) 


00 41 35.4 


+20 09 17.4 


-2.42 


-0.09 


115.0 


PG 0038+199 


DO 


(2) 


01 13 46.7 


+00 28 30.9 


-2.24 


0.17 


65.0 


HS 0111+0012 


DO 


(2) 


02 12 04.8 


+08 46 49.8 


-2.13 


-0.21 


36.0 


HS 0209+0832 


DAB 


(3) 


05 08 31.0 


+01 16 41.3 


-2.68 


-0.18 


80: 


HS 0505+0112 


DAO 


(4) 


12 13 56.3 


+32 56 33.1 


-2.18 


-0.21 


53.0 


HZ 21 


DO 


(2) 


13 04 32.0 


+59 27 33.8 


-1.27 


-0.08 


28.8 


GD 323 


DAB 


(5) 


16 47 18.5 


+32 28 31.8 


-1.45 


-0.08 


25.0 


GD 358 


DB 


(6) 


23 45 02.9 


+80 56 59.0 


-1.92 


-0.30 


65.3 


GD 561 


DAO 


(7) 



a References: (1) IWerner, Rauch, fe Krulj j2008h: (2) iDreizler fe Wernerl [|l996h; (3) Ijordan et all Jl993h; (4) 
iHeber. Dreizler. fe Hageri II1996T ); (5) iKoester. Liebert. fc Safferl fl994D ; (6) iTheill, Vennes. fc Shipmanl <199ll) : (71 iBergeron et all 
jl994h . 
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Hot subluminous stars in GALEX 21 



Table B2. Colours and temperatures of known DA white dwarfs in the GALEX selection. 



R.A.(J2000) 


Dec.(J20UU) 


N vv -J 


J-H 


T e g 


Name 


Sp. Type 


Reference a 






(mag) 


(mag) 


(10 3 K) 








nri nT on i 

UU U7 32.1 


1 OO 1 T OT O 

+33 17 27.2 


— 1.97 


— U.14 


50.8 


GD 2 


DA 


(1) 


r\r\ on fro n 

UU 39 52.2 


1 1 OO OP A 

+01 02 2o.4 


— 2.U5 


— U.12 


52.0 


GD 8 


DA 


(2) 


nn pf o nor 

UU 53 4U.5 


i op ni 1 p p 

+36 Ul 16.6 


— 1.74 


— U.12 


27.4 


T71T TT 7"T7^ nAr O i O P n 

EU VE 0053+360 


DA 


(1) 


n 1 n h Hi n 

Ul U4 41.2 


i nn A(\ ho T 

+U9 49 42.7 


— 1.40 


— U.U5 


25.6 


t /" ' / \ i no i nnp 

FG 0102+096 


DA 


(2) 


m a 1 n o t 

01 41 28.7 


i oo o ^ rr p n 

+83 34 56.9 


— 1.01 


— U.23 


18.7 


GD 419 


DA 


(3) 


no no no a 

U2 Us U3.4 


1 1 O OP O /I P 

+ 13 36 24.6 


0.94 


U.6U 


57.4 


T~> /~i nonrr i i o a 

FCj 02U5+134 


DA 


(4) 


no i o a o n 

U2 18 48. U 


i i A o p a/ 1 o 

+ 14 36 U6.2 


— 1.49 


— U.U2 


27.2 


T~>/~1 noi P i 1 A A 

FG 0216+144 


DA 


(1) 


no n a o t o 

U3 U4 37.2 


i no rr p con 

+U2 56 58. U 


— 1.68 


— U.4U 


35.6 


GD 41 


DA 


(1) 


no ii H n i 

U3 11 49.1 


\ 1 n nn r p 1 

+ 19 UU 56.1 


— U.72 


—0.11 


17.9 


T~i /~i n o n o i 1 o o 

FG 0008+188 


DA 


(4) 


C\ A 1 O /I 1 ) 1* 

04 12 4o.5 


iii rr i /i^ 7 

+ 11 51 47.7 


— U.51 


—0.20 


20.8 


HZ 2 


DA 


(3) 


n a no on h 

U4 28 39.4 


1 -1 f~> f o 1 O H 

+ 16 58 12.4 


— 1.51 


—0.02 


24.4 


PI /~A T~t OT 

EGGR 37 


DA 


(2) 


n rr n rr on t 

05 (Jo 30.7 


i rr o i n rr n 1 

+52 49 5(J.l 


— 1.91 


—0.13 


61.2 


G191 B2B 


DA 


(1) 


n c -in "1/1 n 
Uo 1U 14. U 


I H/1 QO 0*7 Q 

+04 08 o/.o 


— U.99 


—0.20 


20.0 


no UoU/+04o4A 


1 A 

JJiV 


(5) 


r\r- oo i o o 

(Jo 2o 12.8 


ot /ii o tr n 

— 37 41 25. U 


— 1.51 


—0.11 


61.7 


TT'TTTT'TT 1 nPOO OTP 

rLUVlj U623— 376 


1 ~\ A 

DA 


(1) 


no ot n rr i 

U8 27 U5.1 


i oo a a no o 

+28 44 02.2 


1.32 


0.62 


50.7 


T~> /~i noo a i oon 

FCj U824+289 


1 ~\ A 

DA 


(4) 


no a o tr o n 

U8 42 53. U 


i o o nn o tr n 

+23 UU 25.9 


— 1.45 


—0.39 


25.0 


t~i i ^ noon i o o o 

F(j U839+232 


1 ~\ A 

DA 


(4) 


nn /i o Fr\ 7 

U9 42 5U.7 


i op nn fro p 

+26 UU 58.6 


—2.36 


—0.21 


67.9 


n /~i noo /i i oon 

F(j U824+289 


1 ~\ A 

DA 


(4) 


nn -i p on i 

U9 46 39.1 


i a o fr -i rr h n 

+43 54 54.9 


— U.U5 


—0.06 


12.8 


T~> /~i nn ^ o i aaa 

FG 0940+441 


1 ~\ A 

DA 


(4) 


nn ho a p T 

U9 48 46.7 


I O H O 1 O f A 

+24 21 25.4 


— U.84 


—0.04 


14.5 


p^ nn /i £ i o a p 

FG 0945+246 


DA 


(4) 


"in o/ 1 n rr o 
10 OO 25.2 


i ao no ot n 

+46 U8 27.9 


U.71 


0.53 


30.2 


GD 123 


1 ~\ A 

DA 


(1) 


"in /I A A *7 

10 44 45.7 


i rr T a a o rr t 

+57 44 35.7 


— 2.U1 


—0.19 


30.8 


Ti /"< i n /i 1 i rron 

F(j 1U41+58U 


1 ~\ A 

DA 


(1) 


1 n pf 4 ho h 

1U 54 43.4 


i ot c\ p r o h 

+27 U6 58.4 


— 1.32 


—0.05 


23.1 


Ti P^ i n p" 1 i o t h 

FG 1U51+274 


DA 


(4) 


"i i nn o a a 

11 00 34.4 


i 71 oo no fr 

+71 38 U3.5 


—2.18 


—0.11 


41.2 


t~>p~< i nrr "7 i ti n 

FCj 1U57+719 


1 ~\ A 

DA 


(1) 


-11 n t h o p 

11 U7 42.0 


i rn r o oo o 

+59 58 28.3 


— U.87 


—0.05 


17.9 


T^npiri Tr 

EGGK 75 


DA 


(3) 


-11 i t n O T 

11 17 U3.7 


i 1 o or* eo 1 

+ 18 25 58.1 


— U.65 


0.51 


50: 


nn i 1 i a i i o t 

FG 1114+187 


DA+dMc 


(6) 


"i 1 n r* i o 1 

11 26 19.1 


i 1 o on i h o 

+ 18 39 14.8 


U.47 


0.54 


56.9 


nn i 1 oo i 1 on 

FG 1123+189 


DA 


(1) 


"11 OO OT /I 

11 32 27.4 


i i rr 1 t on /i 

+ 15 17 29.4 


— U.68 


—0.05 


16.9 


t~> /~t i i on i i rrp 

FG 1129+156 


1 ~\ A 

DA 


(4) 


"11 o T n c o 

11 37 U5.2 


1 On A T P7 

+29 47 57.6 


— 1.26 


—0.11 


21.3 


T>/"< i 1 o a i om 

FG Ilo4+o01 


1 ~\ A 

DA 


(4) 


11 ho r n f 

11 43 59.5 


i A7 on n h h 

+U7 29 U4.4 


—2.48 


—0.03 


61.8 


FG 1141+U78 


DA 


(4) 


11 45 56.7 


i o i /in on r- 

+31 49 29.5 


— U.52 


0.03 


14.9 


T^PI 1 1 HO l 001 

FG 1143+321 


DA 


(4) 


ii a o no o 

11 48 (Jo. 2 


i i o on ac o 

+ 18 3U 46.3 


— 1.58 


—0.06 


26.6 


T"> i i a rr i 1 oo 

FG 1145+188 


1 ~\ A 

DA 


(1) 


i o i o o o n 

12 12 33.9 


i i o a p op p 

+13 46 26.6 


— 1.73 


—0.12 


31.9 


T~> P^ 1 O 1 n 1 AAA 

FG 121U+141 


DA 


(4) 


1 O OP ,1 /i o 

12 oo 44.8 


i /it rr rr on p 

+47 55 2U.6 


—2.21 


0.02 


56.1 


Tl /"I 1 OO /I 1 /I O 1 

FG 12o4+481 


1 ~\ A 

DA 


(1) 


1 O 1 P 1 o 

lo lb 21.8 


i on nrr ctt o 

+29 U5 57.8 


U.81 


0.57 


50.0 


HZ 43 


1 ~\ A 

DA 


(7) 


i o a r- n i n 

13 46 U1.9 


i e t nn o o "7 

+57 UU 33.7 


— U.18 


—0.12 


13.4 


T~> p^ i o -i /i i rr to 

F(j 1344+573 


1 ~\ A 

DA 


(4) 


i/i in ot i 

14 10 27.1 


i o o no o o o 

+32 U8 33.8 


— U.89 


—0.09 


18.1 


t™>p~< i /ino i oo /i 

FG 1408+o24 


1 ~\ A 

DA 


(4) 


i p no /i o i 

lo (J2 42.1 


i rr t rr o 1 c n 

+57 58 16. U 


— U.53 


—0.17 


14.7 


t~i ipm i rr o 1 

F(j 16U1+581 


1 ~\ A 

DA 


(4) 


1 n rr o 1 i 

lo (J5 21.1 


i a o n -i op n 

+43 U4 36. U 


—2.16 


0.05 


37.0 


t™>p~< i pno i h o o 

F(j 16U3+432 


1 ~\ A 

DA 


(4) 


1 o o op a 

16 38 26.4 


i o er nn i o o 

+35 UU 12.3 


— 1.8U 


—0.01 


37.2 


T7Tn TT? 1 P O O I O -1 n 

rLUVlj 1638+349 


1 ~\ A 

DA 


(1) 


i c tr n ^ o o 

16 59 48.3 


+44 Ul U4.1 


— 1.92 


—0.08 


30.5 


FCj 1658+441 


1 ~\ A 

DA 


(4) 


17 13 U5.8 


+69 31 23.2 


U.U6 


-0.10 


15.6 


EGGR 37U 


DA 


(3) 


17 38 U2.8 


+66 53 46.7 


-2.28 


-0.30 


88.0 


RE 1738+665 


DA 


(8) 


18 UO 09.7 


+68 35 52.7 


-2.23 


-0.43 


46.0 


KUV 18UU4+6836 


DA 


(1) 


18 47 56.6 


-22 19 4U.6 


-U.47 


0.62 


31.6 


EUVE 1847-223 


DA 


(1) 


19 43 43.8 


+5U U4 38.9 


-1.64 


0.01 


34.4 


EUVE 1943+500 


DA 


(1) 


20 10 56.7 


-3U 13 U9.9 


U.18 


-0.06 


14.8 


LTT 7987 


DA 


(9) 


21 16 53.1 


+73 5U 41. U 


-2.21 


-0.41 


54.7 


KUV 21168+7338 


DA 


(1) 


21 24 58.1 


+28 26 U3.2 


-1.25 


-0.21 


53.0 


EUVE 2124+284 


DA 


(10) 


21 52 25.2 


+U2 23 18.6 


-U.97 


-0.08 


18.2 


EGGR 150 


DA 


(3) 


22 58 48.2 


+25 15 43.4 


1.29 


0.49 


22.2 


GD 245 


DA+dMc 


(11) 



a References: (11 IVennes et alj dl997l^; (2) IVennesI lll999l'): (3) iBergeron. Saffer fc Lieberj ^199211; (4) 
iLiebert. Bergeron, fc Holberd l|2005hj (51 | Jordan et al.l l|l998ll: (61 Ifflllwig. Honevcutt. fc Robertson! d2000ll: (71 iDupuis et alj 
lll998l l: (8l lBarstow et alj Jl994T) ; Ol lKawka et al.l 11200711 : (lUl lVennes. Korpela, fc Bowverl dl997h ; (lll lSchmidt et alj lll995l l. 
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